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Abstract: Natural products are an indispensable source for drug discovery. The major challenge for exploiting this
evolutionary optimized pool of potential lead structures is the fast and reliable recognition of known compounds,
i.e. dereplication. This task is essential for the discovery process in high-throughput screening scenarios, since it
allows the focus to be placed on novel chemical structures at an early stage. Furthermore, information on identi-
fied compounds will help to rationalize observed bioactivities. This article describes an effective, library-supported
strategy for the dereplication of crude extracts and pre-fractionated samples, using an HPLC-based multidetector
platform and NMR techniques, respectively.

Keywords: Dereplication - Multidetector HPLC - Natural products - NMR - Secondary metabolites -
Tandem mass spectrometry

1. Introduction

Natural sources provide a fascinating vari-
ety of structurally distinct and biologically
active secondary metabolites. These natu-
ral products (NPs) proved to be an indis-
pensable source for lead compounds for
the pharmaceuticallll and agrochemicall?!
industries. Many NPs are in use as essen-
tial tools for biochemistry and fundamen-

*Correspondence: Dr. T. Henkel?

Tel.: +49 231 9742 6060

Fax: +49 231 9742 6061

E-Mail: thomas.henkel@intermed-discovery.com
3nterMed Discovery GmbH

Otto-Hahn-StraBe 15

D-44227 Dortmund, Germany

PUniversity of Liineburg

Institute for Ecology and Environmental Chemistry
and GKSS-Research Centre, Institute for Coastal
Research

D-21502 Geesthacht, Germany

®Academia Sinica

Institute of Plant and Microbial Biology

Nankang, Taipei 11529, Taiwan

9dBayer HealthCare AG

D-54368 Leverkusen, Germany

tal biomolecular research.l?! Their unique
structural features comprise a chemical
space that cannot be covered by synthetic
chemistry, thus providing benefit for
every discovery process.[5! However, it is
estimated that clearly less than 10% of the
world’s natural chemodiversity has been
explored yet.[%] Regarding the world of mi-
cro-organisms, where modern biomolecu-
lar techniques gave insight into an unex-
pected and still largely untapped phyloge-
netic diversity both in terrestrial and marine
environments, this number may be even
significantly smaller.” Moreover, genome
sequencing of the antibiotic-producing acti-
nomycete Streptomyces coelicolor revealed
the presence of more than 20 secondary
metabolite gene clusters. However, fewer
than half of these compound classes have
hitherto been identified from this strain,!®!
implying that novel metabolites can still be
obtained from organisms that have already
been screened for decades. Concise varia-
tion of fermentation parameters and genetic
manipulation approaches may help in the
future to further explore their non-exhaust-
ed biosynthetic potential.®l An unexploited
biosynthetic potential at least equivalent to
filamentous bacteria can be found in fungi,
e.g. genome mining revealed over 40 genes
encoding for secondary metabolites in
Aspergillus nidulans.[10)

Irrespective whether a chemical or a
biological screening approach is chosen,

the crucial step for finding new lead struc-
tures is the fast and reliable recognition
of already known compounds. This pro-
cess is called dereplication. It allows new
chemical structures to be focused on at a
very early stage of the discovery process,
thus avoiding the redundant re-isolation of
known metabolites that may no longer be
patentable. Additionally, the dereplication
process will rapidly provide access to all
information that is linked with the identi-
fied component, e.g. bioactivities, alterna-
tive sources, and applications.

Today, dereplication of natural prod-
ucts is usually achieved by using high-per-
formance liquid chromatography (HPLC)
coupled with UV/Vis spectroscopy and
mass spectrometry (MS).['1] More sophisti-
cated approaches have also been described
applying MS/MS (MS") techniques, taking
advantage of the additional information of
fragmentation patterns, and thus allowing
for recognition of substructures.[!1-12] Last
notleast, HPLC-NMR couplingis discussed
as an alternative technique, and its utility
has improved considerably by the avail-
ability of HPLC-SPE-NMR.!3] But as this
technique requires rather expensive equip-
ment, it has not yet become a routine meth-
odology. Moreover, the sample throughput
is rather low compared to conventional LC-
UV/MS techniques. As soon as the number
of samples used for screening increases, e.g.
to meet the requirements of high-through-
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put screening (HTS), a large number of
hits will need to be evaluated within a nar-
row timeframe and usually with restricted
capacities for re-fermentation, large-scale
isolation, and other laborious procedures.
Sound criteria for early-stage pre-selec-
tion of primary screening hits need to be
established. At InterMed Discovery (IMD),
databases on in-house screening data are
linked to the dereplication process, hence
various kinds of information related to the
identified components (e.g. bioactivities
including toxicity, alternative sources, and
applications) can be used to facilitate selec-
tion of hits for intensified evaluation (large-
scale fermentation and re-isolation).[14]

Here we describe a two-level approach
elaborated at IMD for effective and acceler-
ated dereplication of natural products. The
first level comprises an analytical HPLC
system coupled with multiple detectors. The
collated and corrected data of all detectors
are used for a single search in a reference
library. If the metabolite of interest cannot
be identified by the first level, the second
level which we call NMR/MS dereplica-
tion involves its (partial) purification and
basic NMR analysis. By simply recording
'H and 'H,13C-HSQC spectra followed
by minimal interpretation, a software tool
checks for structural identity within a da-
tabase containing all literature-known NPs.
Noteworthy, this step is independent from
the physical availability of the reference
compound. For any given known structure,
the subsequent verification of its identity
is usually a straightforward process. If the
compound has not been identified in the
second step, it most probably constitutes
a novel metabolite awaiting its first-time
structural elucidation.

2. Accelerated Recognition of
Known Secondary Metabolites by
a Multidetector HPLC Platform
Supported by Reference Libraries

The first level is built up by an analytical
HPLC system coupled with a diode array
detector (DAD), an evaporative light scat-
tering detector (ELSD), and mass spectrom-
eters (MS) with ion traps, operating in both
positive and negative ESI mode and allow-
ing for automated MS/MS fragmentation
(Scheme 1). The separation is achieved by
applying a smooth water—acetonitrile gradi-
ent on a reversed phase column. Retention
times (R)) of all detectors are corrected by
comparison with external standards. There-
fore, the actual retention times of eight
reference compounds with different polari-
ties are set to their initially defined values
by multiplication with linear correction
factors for the respective sections of the
chromatograms.!!3! This procedure leads to
reproducible R values on different charges
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of a column type or on different machines,
in our experience usually within + 0.2 min.
Only for compounds that are more lipo-
philic than the most lipophilic reference,
retention times cannot be interpolated but
are extrapolated instead, which may result
in slightly higher deviations. After the cor-
rection, the peaks in all chromatograms
are automatically assigned and integrated.
For each peak, molecular weight values
(AutoMW) are calculated by an algorithm
with respect to the most common adducts
or losses for both positive and negative ESI
mode (e.g. +H* or +Na* in positive, —-H* or
HCOO™ in negative ESI mode).[1¢]

The collated information of UV/Vis
spectra, (HR)MS and MS/MS spectra, re-
tention times (R,) from DAD and/or ELSD
chromatograms, and AutoMW is subse-
quently used for a single search in a refer-
ence library. This steadily growing database
was set up on the basis of IMD’s pure com-
pound collection and now contains the in-
formation of approximately 15,000 unique
NPs, among them the most prominent and
abundant representatives of both plant and
microbial bioactive metabolites, and a sig-
nificant proportion of novel structures ac-
cording to literature. An individual weight-
ing of each search parameter is possible but
in general not mandatory. However, it may
be useful to reduce the weighting of UV/Vis
data for peaks corresponding to minor com-
ponents, due to concentration-dependence
of the respective spectra. Or, if the regular
MS spectrum seems to be superposed by a
more easily ionizable minor component,
one might want to neglect these data in or-
der to obtain better results, or to focus on

MS/MS data belonging to the component
of interest. In any case, the result is pre-
sented as a hit list, with the single entries
along with their structural formulae sorted
by a quality factor calculated over all search
parameters. Furthermore, the user can ei-
ther apply the dereplication procedure on a
specified peak or perform a batch derepli-
cation, which automatically determines the
best database hits for all peaks of a given
chromatogram.

Another concept of working with the
acquired data is the search for structural an-
alogues. This is used to obtain information
on the structural class of a specific com-
pound if the exact reference is not included
in the database. For this task, the retention
times, MS spectra and AutoMW should be
ignored, and the search strategy should fo-
cus on the UV spectrum, possibly with con-
sideration of MS/MS data. This approach
apparently relies on the quality of the UV
spectra. Additionally, purpose-built algo-
rithms have been proposed in literature.[!7]
However, if the analogue is not available as
database reference, further NMR spectro-
scopic support and investigation is neces-
sary to clearly and fully establish the mo-
lecular structure.

The described approach is exemplified
by the secondary metabolite profiling of
xylariaceaeous ascomycetes, being part of
an extensive study on chemotaxonomy car-
ried out in the past years in our group in
collaboration with mycologists and natural
products chemists from around the world.
Despite that more than 50 novel metabolites
have been identified from these previously
neglected species during the past five years,
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there are still numerous species that were | : Ouality Comp.ID | Comp.Hame [ HRmass W Retention Time
revealed to contain unprecedented peaks by |} 0@21432 WP _Structure WD 005474 440110735 4404020 1410

HPLC profiling. Compounds that appeared |3 0520369  MP_Structurs IMD 011353 440252253 4405334 9,02

to be unique or characteristic of certain spe- 3 0452816 NP_Structure IMD 003763 440 131665 440 3986 962

cies or species groups were first recognized [ 0426359 | MP_Structure |IMD OODG94 440202660 440 6200 2259

by HPLC-profiling, and thereafter the fruit |5 0311295  |WP_Structure IMD 000977 |440,292680 |440,6200 23,10

bodies were collected in sufficient quanti-
ties for preparative work.l'81 IMD also dis-
poses of bioactivity data in up to over 100

Fig. 2. Hitlist for compound 4 from Hypoxylon fragiforme

assays for most samples of our extract and Extracted at 14.0617 min ,
pure compound libraries, which have gen- 100 ES|+ (Compound 4) 881,0747 (4.3E+01 (14,06 min) —
erally not been published yet. The example

provided below is therefore merely intended
to illustrate the dereplication process that is
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ily (2-5) resembles well our previous obser- 878,9095
vation that this type of metabolite is widely %7
N - s g
dls.tr.lbuted among this sp601es:l 1 The lipo o J220.0037 L coos0a 7434304 1099.5495
philic compounds X and Y did not match 1007 339,1264 (0, 26006) HLT (4,08 mim —
any datal?ase c.:ntry.with sufficient quality % ESI- (Database Hit 1)
and remain unidentified. 75
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tum YMJ90112618 from Taiwan,[191 which
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Fig. 1. HPLC chromatograms of a crude extract from Hypoxylon fragiforme.

Compounds 1-5 were identified by database search, whereas no significant
similarity was found for peaks X and Y. The upper result bar indicates the ~ Fig. 3. Comparison of spectral data of compound 4 and the best database
hit qualities (upper triangle >0.8, lower triangle >0.5, square >0.2). hit (quality 0.92)
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Fig. 4. Structural formulae of orsellinic acid (1), mitorubrinol (2), mitorubrinic

acid (3), mitorubrinol acetate (4), and mitorubrin (5)
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6, 7, and 8, that were
identified as urceolone,
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BNT, and hypoxylone,
respectively

had so far not been subjected to preparative
work. From a comparison with the afore-
mentioned spectral data on other Xylaria-
ceae metabolites, it became evident that
the extract contained, besides 1,1°,4,4’-
tetrahydroxybinaphthalene (BNT, 7), two
unprecedented metabolites that are appar-
ently specific for the species. These com-
pounds (6, 8) were isolated to purity by
preparative HPLC. Whereas 8 proved iden-
tical to hypoxylone,[20! previously isolated
from Hypoxylon sclerophaeum, 6 consti-
tutes a new natural product for which we
propose the trivial name urceolone (Fig.
6.). NMR and MS data are compiled in
Table 1. Using the pure urceolone as stan-
dard, we have meanwhile established that
the compound is not present in over 3000
extracts from various Xylariaceae, which
demonstrates that our HPLC dereplication
system is rather powerful for detection of
unknown natural products. Chemotaxo-
nomic significance of these findings will
be explored elsewhere.

3. Advanced Library Supported
Dereplication of Purified Natural
Products by NMR and LCMS

As described above, the identification
of metabolites by multidetector HPLC
techniques is principally limited by the size
of the reference database. Accordingly, if
a specific substance was not found by the
LCMS-based multidetector dereplication
system, it could either be new or belong to
the non-covered part of known NPs. Tradi-
tionally, structure elucidation is a time-con-
suming process. It usually requires a full set
of 1D and 2D NMR data ('H, !3C, 'H'H-
COSY, 'H,3C-HSQC, 'H,3C-HMBC
spectra), and an interpretable mass spec-
trum. Although some computer-assisted ap-
proaches have been proposed,[211 it still is a
mainly hand-driven procedure that cannot
be automated and demands the experience
of a scientific expert. Thus, it is desirable
to focus on those molecules which are new
and avoid expedient work on already known

Fig. 6. Structural formulae of urceolone (6), BNT (7), and hypoxylone (8)

Table 1. ESI-MS and NMR data (DMSO-d,, 500
MHz) of urceolone (6)

pos. g2 Sy mult. (Jyyy [Hz))
1 206.3

T TR S
3 39.5 4.22, brd (12.6)
4 Eh ?)Z'9,5337 brs
4a 147.3 -

5 119.8 6.96, d (7.9)

6 137.2 7.59, 1 (7.9)

7 117.0 6.95, d (7.9)

8 162.9 OH: 12.37, s
8a 115.0 -

1’ 153.3 OH: 10.97, s

2 108.3 6.75,d (7.8)

3 126.8 7.30, d (7.8)

4 114.8 =

42’ 134.6 =

5 114.5 7.45,d (8.0)

6 127.1 7.32,1(7.9)

7 108.6 6.78,d (7.9)

8’ 1563.2 OH: 11.01, s
8a’ 114.8 -

ESI-MS; pos. ions m/z 319 [M-H,O+HJ*,
337 [M+H]*; neg ions m/z 335 [M-H]".

HRESI-MS; pos. ionsm/z319.0968 [M-H,O+H]*
(caled for C,yH,50,, 319.0970).

a13C NMR shifts were obtained from the HSQC
and HMBC correlation spectra.
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metabolites by NMR/
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Table 2. Searchable fragments derived from NMR data

Type Subtypes Observed by
CHj, Alkyl-CH,, HSQC,
O-CH,, N-CH, (HQQC)
CH, sp?, sp? HSQC
CH sp?, sp? HSQC
R,C=0 - HMBC
CHO - HSQC,
HMBC
CO,R ester, carboxylic ~ HMBC
acid
CON - HMBC
(amide)
OC(R,)O HMBC,
(ketal) (HSQC)

structures. This implies the need to quickly
elucidate whether or not a compound has
been described in literature before, while
requiring only a minimum amount of spec-
troscopic information and interpretation,
and being independent from the physical
availability of the authentic reference.
IMD’s proprietary solution for the de-
scribed challenge is a method we call NMR/
MS dereplication (Scheme 2). As shown by
Bradshaw and co-workers,[22] an exact count
of methyl, methylene, and methine groups
in combination with the molecular weight is
usually sufficient to break down the number
of literature-known structures that fit these
criteria to less than ten. Our approach gener-
alizes and extends this idea, leading in many
cases to an unequivocal identification. It re-
quires a mass spectrum (usually obtained
from a LCMS run) and at least a 1D pro-
ton and a 2D HSQC NMR spectrum, from
which the presence of characteristic groups
like methyl, methoxy, methine, methylene
(sp? and sp?) or anomeric protons can eas-
ily be extracted (see Table 2 for a complete
list), based on their characteristic chemical
shifts and multiplicities. The 'H,'3C-HSQC
spectrum must be recorded with a pre- and
post-evolution delay of ~1/2J to allow
sign discrimination comparable to a 1D

Main identification parameters

Distinct chemical shift, phase, intensity,
(four quantum filtration)

Chemical shift and phase information

Combined chemical shift, intensity, and phase
information

Chemical shift (5 >180)
Chemical shift (5; >190), attached proton

Chemical shift (160 < 65 < 180), may be
ambiguous

Chemical shift (160 < 8, < 180), may be
ambiguous

Chemical shift, ambiguous unless other
information available (e.g. anomeric proton)

DEPT spectrum.?3] Additional informa-
tion on carbonyl groups like esters, amides,
carbon acids and ketones can be obtained
from an HMBC experiment and will help
to discriminate between similar isoweight
structures. For all identified moieties, their
total number can either be counted or, in
case of ambiguous data, described with
the mathematical operators >, >=, <, <=.
This is particularly useful for overlapping
resonances or if methylene groups cannot
be counted precisely by HSQC data, due to
chemical shift degeneration. Fragments can
also be excluded explicitly if they are obvi-
ously not present (e.g. no carbonyls if all
resonances show §_ <160). Apart from the
molecular weight of a compound, the mass
spectrum additionally bears information on
the elemental composition: Chlorine and
bromine can be identified by their charac-
teristic isotopic patterns, the presence of
nitrogen is indicated by an odd molecular
weight, and sulphur sometimes gives a typ-
ical fragmentation. This evidence is addi-
tionally regarded in the NMR/MS derepli-
cation process. If data from high resolution
mass spectrometry (HRMS) are available, it
can also be included.

The rapidly extractable information
from NMR and MS data is collated in a cli-
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ent application (Fig. 7) and processed by a
server-based dereplication engine. Its data-
base consists of all literature-known natu-
ral products, based on the latest editions of
Chapman & Halls ‘Dictionary of Natural
Products’24l and AntiBase,[?5! and com-
bined with the structures of IMD’s in-house
NP collection. For each structure, search-
able secondary data was extracted contain-
ing average and monoisotopic molecular
weight, elemental composition, and the
occurrence of fragments as listed in Table
2. This allows the scientist to search within
more than 200,000 unique structures by just
one click. The result is obtained as a hit list
with structures and names of molecules that
fit the given criteria. If the input was not suf-
ficient for unambiguous identification, the
user may specify additional fragments and
repeat the procedure. Finally, the accurate
verification of the proposed structure on
the basis of present NMR data is a usually
fast process. This step could even be semi-
automated by using commercially available
software, relying on comparison of actual
NMR data and chemical shift prediction.[26]
Alternatively, routine acquisition of COSY
and HMBC spectra will accelerate and fa-
cilitate thorough structure verification.

An example demonstrates the utility
of this approach. A compound produced
by the fungus Sarawakus britannicus,
strain CBS 253.62, was not identified in
the HPLC-based first dereplication step.
Its molecular weight was determined as
266 g/mol, and its UV spectrum showed
maximum absorption at 220 and 325 nm.
After isolation of the pure substance, a I
and a HSQC NMR spectrum were recorded
(Fig. 8). The following fragments could be
determined without in-depth interpreta-
tion of the spectra: a methoxy group as the
only methyl moiety present, two methylene
groups (none of which is olefinic), a sp>-hy-
bridized methine group, and three olefinic
or aromatic protons. These fragments and
the molecular weight were used as query in
the NMR/MS dereplication and revealed a
single hit (Fig. 7). The structure resembled
well the expected oxygenation of both the
aliphatic methine and one of the methylene
groups. Verification of the connectivities by
COSY and HMBC data proved the identity
with diaportinol, which has been reported
as metabolite of Penicillium nalgiovense.2")
Another example, showing the feasibility
of the NMR/MS dereplication concept as
well for more complex structures, is given
with the identification of cytochalasin H,
which was isolated from a strain of Hy-
poxylon fragiforme. The HSQC spectrum
again provided the information on the
number of methyl, methylene, and methine
groups (Fig. 9), among these a sp>-hybrid-
ized methylene from an exocyclic double
bond. The odd molecular weight (493 g/
mol) indicated the presence of at least one
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nitrogen atom. Other structural features like
methoxy groups or halogens could be ex-
cluded by NMR and MS data, respectively.
A dereplication search with the combined
information returned cytochalasin H as the
only known compound fitting the structural
requirements. Verification was achieved by
analyzing the connectivity information of
the 2D NMR spectra, and comparison with
literature data.[?8]

4. Conclusions, Discussion and
Perspectives

In the present paper we described a fea-
sible and straightforward strategy for ac-
celerated dereplication of natural products.
A two-level approach is applied to attain a
maximum of support by reference libraries
at each stage while requiring a minimum of
time for data collection and interpretation.
The result is maximum compatibility with
the narrow timelines of modern HTS-based
discovery projects. The HPLC multidetec-
tor system as the first level can be used
for crude extracts as well as for pure com-
pounds. With the availability of hyphenat-
ed techniques like MS/MS, the continuous
comparison with external standards and the
ability to search all data simultaneously, it
is ensured that the main limitation is only
given by the size of the database. Hence, the
success in this step inevitably relies on the
number of available reference compounds.
Our methodology based on high-resolution
mass data from an HPLC-coupled ESI-TOF
spectrometer provides an advanced solution
here, as it allows natural product databases
to be searched for HRMS data or molecular
formulae, respectively. However, additional
information on taxonomy and bioactivity as
well as sophisticated data interpretation is
inevitably needed for the determination of

a compound without reference HPLC data.
One problem of the HPLC approach is that
for efficiency reasons it is typically limited
to a single chromatographic condition. As
no condition is equally suitable for all dif-
ferent types of biomolecular structures, this
inherently means that for some examples
the achieved separation, for instance of two
closely related regioisomers, may not be
good enough to unequivocally differentiate
between two or more structures having the
same mass and same UV absorption. If nei-
ther MS/MS nor phylogenetic data provide
help, this will imply the need for a further
NMR spectroscopic investigation.

The obstacle of limited availability of
reference compounds can be overcome in
the second-level process, the NMR/MS
dereplication. It is applied to the purified
samples and is independent from authentic
references. Its goal is the accelerated rec-
ognition of any literature-known structure.

BB NMR Dereplication
File Options Help
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Modern NMR spectrometers allow for a
rapid acquisition of the needed experi-
ments from (sub)-milligram amounts of a
compound. As only basic interpretation of
the spectra is necessary, even low-resolu-
tion data or samples not pure enough for
detailed analysis will usually be sufficient.
In these cases, acquisition of a 'D HQQC
spectrum(?! can be useful for unambiguous
detection and count of methyl groups. This
additional spectrum is recorded in only a
few minutes and does not seriously restrict
spectrometer time.

It should be mentioned that both the
HPLC-based and the NMR-based derep-
lication methods are principally blind to
questions of absolute stereochemistry. In
case of the NMR/MS dereplication, the ap-
proach primarily focuses on determination
of the composition, with some additional
respect to conformation. For the unequivo-
cal differentiation of epimers, one has ei-

EEX
CH Fragments | CO fragments | Hetero | Mass
3 ocH3
HEas == |1 [FocHs |[=— |1
NCH3 cH2
[FInNCHs (== v [0 CcHz |==»|[0
CH2_sp3 CH2_sp2
[FlcHzsp3 ==+ ||2 CHz_sp2 |==+ |0
cH CH_sp3
OcH [=~|[o [FlcHsp3 == v |1
CH_sp2
[FlcHspe |==% |3
Start Reset Query
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ther to compare with literature NMR data or
to use additional spectroscopic information
like coupling constants from 'H NMR spec-
tra, distance information from NOE mea-
surements, CD spectra, or optical rotation
values. The two latter techniques addition-
ally would give access to the determination
of enantiomers.

From a fundamental research point of
view, the application of LC-hyphenated
techniques involving NMR, OR, and CD
to large screening libraries comprising
several ten thousands of samples may look
promising.[39 However, it should always be
considered that dereplication is intended to
save money, to avoid wasting resources, and
to compete with synthetic lead-finding pro-
cesses. Implementation of such cost- and
time-intensive processes in the NP-related
workflow for lead discovery therefore may
have contributed to the reservations against
NPs in the pharmaceutical industry, some
of which tended to rely solely on combi-
natorial chemistry approaches. This, on the
other hand, has led to empty pipelines in
many companies who abandoned natural
products research. In contrast, our own ap-
proach is designed to guarantee a maximum
degree of innovation, using instruments and
human capital in a cost-efficient way.

As a future outlook, a combination of
the NMR/MS dereplication strategy with
HPLC-SPE-NMR techniques seems ca-
pable. It could overcome the problem of
how to interpret these NMR data. Spectral
databases are difficult to establish, due to
variability of spectral results and resolution
on the actual conditions, the need to sup-
press large solvent peaks, and the unavail-
ability of literature NMR data in the mixed
solvent systems used for HPLC. Moreover,
time-consuming experiments like HMBC
usually cannot be obtained. Instead, Iy,
HSQC, and possibly 1D HQQC spectra
may provide sufficient information to ex-
tract characteristic fragments as described
before. This approach could further be en-
hanced by adding proton multiplicities to
the NMR/MS dereplication database or the
use of chemical shifts obtained from public
databases or calculations.

In summary, we showed how sophisti-
cated dereplication strategies can accelerate
the identification of natural products, mak-
ing them an important and feasible tool for
pharmaceutical and agrochemical discovery
projects. Equally, scientific investigations
like chemotaxonomy or biological profiling
gain profit from the advanced techniques.
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